Introduction
Statistical seismology is a subject that aims to bridge the gap between physical and statistical models (VERE-JONES et al. 2005) . It has developed rapidly during the last several decades and has been highlighted every 2 years by the International Workshop on Statistical Seismology (StatSei). This workshop has now been held nine times in many different countries around the globe. Several past special volumes related to seismicity analysis and earthquake statistics have been developed based on the StatSei and related workshops (e.g., VERE-JONES et al. 2005; RHOADES et al. 2010; TSAKLIDS et al. 2011; CONSOLE et al. 2012; PAPADOPOULOS 2012) . In this issue, we have collected articles following the 8th International Workshop on Statistical Seismology (StatSei8: http://www.geophy.pku.edu.cn/statsei8/) which was held in Beijing, China, in 2013.
Many significant achievements have been accomplished during last several decades. One is the formulation of conditional intensity models for quantifying time-varying seismicity rates. A particular example of this is the ETAS model developed by OGATA (1988) . It has become a de facto standard model, or null hypotheses, for other models and ideas to be compared to. An advantage of using conditional intensity models is that the evaluation of their forecasting performance can be done in a measured and statistical way using the framework of probability gain. This means that improvements in understanding of earthquake clustering can be quantified by developing new ideas into models and then comparing them to ETAS, or other models, using statistical hypothesis testing. Ultimately, rigorous testing of forecast models is necessary in order to improve our ability to forecast seismic hazard (JORDAN et al. 2011) .
Both probabilistic earthquake forecasting and binary earthquake prediction are some of the most challenging problems in the subject of geophysics. Currently, many scientists believe that individual earthquakes cannot be deterministically predicted (e.g., GELLER et al. 1997) due to our inability to observe many of the fundamental processes of the system and also its inherent randomness. Therefore, in order to best quantify our state of knowledge, the statistical seismology community has placed a larger focus on probabilistic forecasting. In order to provide more reliable earthquake forecast models, the challenge is to construct models that can give increased information gain with respect to a reference model, such as ETAS or complete randomness. This requires not only increased understanding of the physical process of earthquakes, such as the preparation and rupture processes of the earthquake source and the interaction between earthquakes and tectonic environments, but also development and implementation of improved statistical methods for testing and validating physical hypotheses based on observed data.
With rapid development of observation technologies, more and more observational data are obtained. For example, GPS observation of surface displacement, InSAR observation of the co-seismic deformation, ionospheric observations, etc., bring statistical seismology into the big data era. Additionally, the understanding of what an earthquake itself is has been extended by the discovery of slow earthquakes, tremors, and VLF earthquakes. These new observations provide new theories and approaches to help us understand seismicity. However, there is no free lunch. To make use of these new observations, statistical seismologists are challenged by tasks of developing new methods to analyze these data more efficiently and new models to connect them to the earthquake process and tectonic environments.
This special issue emerged after the recent 8th International Statistical Seismology (StatSei8) workshop in Beijing. The articles within have been collected to report on the exciting new research in statistical seismology methods and applications; the issue contains a collection of the newest methods, techniques and outputs related to statistical analysis of earthquake occurrence and earthquake probability forecasting, and to ultimately helps to define future research directions in the field.
Papers submitted to this topical issue can be loosely categorized into the following topics: Different from other papers in this category, FORD and LABAK (2016) analyzed the aftershock activity due to underground nuclear explosions. 4. Seismicity-based probability forecasting of seismicity and seismic hazard evaluation Articles in this category focus on developing statistical models and methods for earthquake forecasts. YU et al. ELEFTHERIOU et al. (2016) and CHEN et al. (2016a) evaluate the precursory information in the thermal infra-red spectrum emitted by the Earth and in the observation of mobile gravity fields, respectively.
In all papers presented, a good understanding of both the physical and statistical aspects of the problems investigated is necessary. To improve our understanding of how the Earth works, it is necessary to couple our understanding of the physics of the process with robust statistical methods. Doing so, and understanding the uncertainties involved will ultimately help address the important demands in seismology and the social and engineering sciences; importantly this includes the testing of models of earthquake forecasts, earthquake early warning, and seismic hazard assessments. Statistical seismology has presented many challenges to statisticians and geophysicists, but there are undoubtedly many more exciting discoveries yet to come.
